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Until the time that Spencer Brown published 


Laws of Form, it was felt that 


eideas © 
‘Tree’ and“false“are. 


the fundamental 
tound of Veqic 


Se 


In 1919, 
Bertrand Russell 
had said 


The problem is: **What are the constituents of a logical proposition?’’ I do 
not know the answer, but J propose to explain how the problem arises. . . . 
We may accept as a first approximation, the view that forms are what enter 
into logical propositions as their constituents. And we may explain (though 
not formally define) what we mean by the form of a proposition as follows: 
The form of a proposition is that, in it, that remains unchanged when every 
constituent of the proposition is replaced by another. (Russell, 1919:128) 


But nobody had thoroughly 
investigated the Laws of 
those forms until Spencer Brown. 
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Heinz Von Foerster, one of the pioneering 
figures in the new field of cybernetics, wrote 
this review of Laws of Form. 


The laws of form have finally been written! With a “Spencer 
Brown” transistorized power razor (a Twentieth Century model 
of Occam’s razor). G. Spencer Brown cuts smoothly through two 
millennia of growth of the most prolific and persistent of se- 
mantic weeds, presenting us with his superbly written Laws of 
Form. This Herculean task which now, in retrospect, is of 
profound simplicity rests on his discovery of the form of laws. 
Laws are not descriptions, they are commands, injunctions: 


“Do!” Thus, the first constructive proposition in this book (page 
3) is the injunction: “Draw a distinction!” an exhortation to 
perform the primordial creative act. 

After this, practically everything else follows smoothly: a rig- 
orous foundation of arithmetic, of algebra, of logic, of a calculus 
of indications, intentions and desires; a rigorous development of 
laws of form, may they be of logical relations, of descriptions of 
the universe by physicists and cosmologists, or of functions of 
the nervous system which generates descriptions of the universe 
of which it is itself a part. 

The ancient and primary mystery which still puzzled Ludwig 
Wittgenstein (Tractatus Logico-Philosophicus, A. J. Ayer (ed), 
Humanities Press, New York, 1961, 166 pp.), namely that the 
world we know is constructed in such a way as to be able to see 
itself, G. Spencer Brown resolves by a most surprising turn of 
perception. He shows, once and for all, that the appearance of 
this mystery is unavoidable. But what is unavoidable is, in one 
sense, no mystery. The fate of all descriptions is “. . . what is 
revealed will be concealed, but what is concealed will again be 
revealed.” 

At this point, even the most faithful reader may turn sus- 
picious: how can the conception of such a simple injunction as 
“Draw a distinction!” produce this wealth of insights? It is indeed 
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So Spencer Brown starts his log 
The First jnjunch'o: 
“Draw a distinction.” 


Drawa distinctien? 
Abevt what? 


Alout Quything... Spaces states, Content... 
i ihe Lie of forn ee about 
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distincHons in general 
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Peete era ee a ee ee 
How do you "draw a distinction?" 


By arranging a ary so you 
cannot reach a point on one side 
of a boundary from the other side 
without crossing the boundary. 


That seems simple enough. 
But what's an Cxanple? 


A circle on a piece of paper 


i 
i] 
| is a distinction. 
i 


I'ma 
"distinction." 
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SB p.84 


eee eo eee ee ee 


Do you actually have to draw the 
distinction on paper to "draw a 
distinction?" 


Not at all. I could have 
expressed the first command 
in other ways. 


ae ee ED) 
Like what? = 


| 

t 

! 

'}3 ayy Ere yd 
| Let there be -a distinction 

{ 


+ ees a 
: or 
} Find a distinction 
: a wr ttl 
! 
or 


See a distinction "? 


ee 
\ or 


Describe a distinction 
or 
Define a distinction | 


<LI 
or 


-—- — me ee 


Let a distinction be considered 


O.K. O.K. 
the idea. 


I get 
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lm a distiucton. 
Call me"a mark! 


What does a mark mark? 


be lw som off thedi ference 
between ere and 
utside. 
| ep ae outside ? 
Outside the mart. 
is infaite Unmarkedvess. 
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Sometimes, it gets a little complicated because 


to talk about the same thing. 


Well,.yes. I'm also 
called the value. 


That's all, right? 


Well, not exactly. 
I'm also called 
the boundary. 


And what about the cross? 


Yes. - And the 
distinction 


Whoops. Also the primal 
ap Zs distinction, but more 
a a ¢ of that on page 


Spencer-Brown and others have introduced several terms 


Mgetllecekccsoneel aad 
———— 


science. 


Why are the Lows of Pius 
Important ? 
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| 


It is important to trace the way 

we represent such a severence, 

It allows us to reconstruct the 

basic forms which underlie linguistic, 
mathematic, physical and biological 


We can begin to see how the 
familiar laws of our own 
experience follow inexorably from 
the original act of severence. 

It becomes evident that the laws 
relating such form are the same 

in any universe (independent of 
how the universe actually appears!) 


antl 


Spenter 
Brown 
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Sometimes people speak of the 
‘value of a distinction.” 


What they mean is nothing more 
than that they have given 
the distinction a name. 


George? Sure! 
It's better than 
being called M or 
™ N or some other 
silly letter! 


Let's call 
that 

distinction 
George 


"George" 


So now we can call the 
| value of the distinction 
(nS 


cE IETS TTS 9, 


It's a sort of funny way mathematicians 
got to talking. To keep them from 
sounding like they were talking gibberish. 


> 4 

Why do they call it the "value" + 

of the. distinction? yrs 
a . 


Marks are usedto 
distinguish. 


For example, a circle distinguishes a certain 
type of space. 


C 


Any mark in any 


Space is Q idol 


distinction. 


Spencer Brown certainly 
Starts with simple stuff. 
I wonder why people find 
it so difficult? 
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Let's go through this again. 
Why is understanding the 
Laws of Form important? 


SS 


Well for one thing, making distinctions 
is fundamental to how you develop 
descriptions. 


You might call it the 
Basis for a Theory of 


Descriptions? 
Es 


Yes. And don't forget 
that this is what 
science is -.-.a prescription for certain kinds of descripti 


Bot, why go bo the trouble of 
Studyi this wth Sy mbols 

and Theorems and axioms and 
DU That stuf¥ 2 


_ “The search for a rigorous formulation .. . has a more serious 
motivation than mere concern for logical niceties or the desire to purify well established 
methods of . . . analysis. Precisely constructed models .. . can play an important role, 
buth negative and positive, in the process of discovery itself. By pushing a precise but 
inadequate formulation to an unacceptable conclusion, we often expose the exact source 

of this inadequacy, and consequently, gain a deeper understanding. . . °° (Chomsky, 
1957:5). 


(- a — - ——e v - 


mS we em ee ee ee ee ee ee eee 


: 


ns 


Cina peer 


is 
or lhe 


RY oneul Ip 
Aszhe ERS 


The first piece of notation 
is the merk also called 


the mark of distracthon 


é , a } marlethe 
Len a hing and 
marie SS outside 
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We need to look at the language 
Spencer-Brown uses. He often 


answers the question above —") 


"The mark marks the marked state." | 


Gadzooks! 
What is marked 
state? 


Well a state is just the 
condition of a particular 
place at a particular time. 


So the expression "the marked state"! 
simply means that this place has 


been marked at this time? 
om 


is 
es. 
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The second piece of notation 
is the unmarked state. 


But I can't 
see you. 


That's right! That's 
why I'm called unmarked. 


Jeeze! 
What good are 
you? 


topic. 


* indicates that there are notes at 


rE CEE. cepan ee we: 


ee ee 


The unmarked state is a little 
hard to see sometimes 


Sometimes?!?! 
Try and find 
me right now! 


So, we introduce quote marks 
to indicate the unmarked state. 


ee 99 


Here I am! 


That makes it 
easier to 
see me, 


doesn't it? , 


See ae es 


ie ee | eee a. & ee Se 9 EE cE gpeE © Cee OEE nee) ms ee ee 80 eee oe Ome oe eee 


The third symbol we introduce 
is the familiar equals sign. 


a 
a 


It means (or is translated 
into English as) 


can be 
repisc ed 
wit 


You may also 
want to use 
the term 

"is equivalent 
to". 


rd 


—— 


Now, we are 
ready to start 

getting acquainted 
with the Axioms. 


2 TIE PY OO Pe ae a = lw oe 


SS eT TS eS a ee ew | |e ee ee ee eee oe. 


oe omer te ees ee ewe ee eee. 


0 ARKiOMS 


It's just an unquestioned 
assumption that governs 
how you will use symbols 
in a calculus. 


How do you 
get an axiom? 


You make them up. 


You just sit down and 
make them up?!?! 


One of the things mathematicians 
and logicians do is to study the 
properties or implications of 

assuming a group of axioms. 


Theycall this group of axioms and 
their consequences a calculus, 


That's what a 


wondered, 


And once they've made up tte 
axioms, they "explore the 
properties of the axioms'' 
by making deductions about 
them. 


The Laws of 
Form are also 
called the 
calculus of 
indications 


They also like to work with as few 
axioms as possible in order to 

accomplish what they are trying to 
do. Spencer-Brown starts with just 
two axioms. 


——— 


calculus is? I always 


That's what they do all day? 


ee 3 ee er ce ee ee ee 8 ee we oe oe 


The Axiom of 


Condensation 


Get ready, here's how 
it's written: 


Doesn't mean a 
thing to me like 
that! 


Let's translate it into 
English. It says "the 
mark and another mark 
can be replaced with a 
single mark." 
ey 


It's sort of like saying 
that "If you've said it 
once, you don't need to 
say it again." 


Yeh. Or numerous 
distinctions of the 
same kind don't add 


Z anything. 
—— 


It's like Gertrude Stein 

says "a rose is a rose 

is a rose..." 

a 
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The Axiom of 
Cancellation 


This looks even stranger 
than the first one. 


@e 99 
wep 


=“) - 


Here's its translation into 
English: “One mark inside 
another mark can be replaced 


with no mark." 
¢: don't get it. 3 


Perhaps an 
illustration 
will help. 


I'll try | 
anything once. 


+ 
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ee ee ee ee ee ee + te eee 


—-— ee 


a ee ee |e 


We'll ose the Go Through 
the Door <xawople. 


Suppose there are 2 rooms and 
a door which we can diagram 
this way 


L. 
[ we 


We start on one side of the 
door, let's say the Living 
Room side, 


Now let us say that the sign B stands for 
the command: "go through the door." 


OK so far 
wt : 
Suppose we write 4 


TI 


It translates "Go through the door; 
go through the door," 


Exactly. 
so why do 


xe le it 


= ee ee wo eee re ss ee 8 ee ee ee es 


A A + : ee SE A wee am: oo! 


So why say it twice? That's 
exactly what the Axiom of 
Condensation is saying (only 
more succinctly and in 
symbols) 


ra = 
aa 
through 


through rewritten 
the door as the door 


Here it is on 
the illustration 


That makes sense, 
What about the 
other Axiom? 


The Axiom of Cancellation is 
a little different. 


>| -« 29 


Go through the door 


AND THEN 


Go through the door. 
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Note that saying this is 
different. Here's the 


illustration, 
and then 
go through 
t 


he door 


This equivalent to not 
having gone through the 
door at all, 


Right! Because you 
are really right 
back where you started. 


So if you start in the unmarked | 
state " " and receive the command 

you would (go through the door) to 

the marked state; and then when 

you would receive the command (go 

through the door) you would go to 

the unmarked state--which is the 

equivalent of not having received 

it at all. 
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So look at the Axiom of 
Cancellation again, 


| tn 


OK - I think 
I understand, 


Here's a | Summary. 


AXIOM OF CONDENSATION AXIOM OF CANCELLATION 


a + +t 


Go through the door; Go through the door; 
go through the door and then go through 
the door 


of MArk) : 
If you namé,something twice, actually all you've 


done is to name it once. If you name it and then 
unname it, you're back at the same place you started 
where you hadn't named it. 


Next we'll try the 
Ciecle Example 


We've said that the mark indicates 
one side from another, in a sense 
it marks the inside from the outside. 


OK 
so far + 
So, the mark doesn't have + 


to be written like this: 


| 


am 


It could be written as a 
circle 


Sure! A 
circle is 
a mark in 
a space. 


I indicate: 
what's inside 

is not outside; 
and what's outsid 
is not inside. 


+ 
So now we write the Axiom of 
Cancellation as one circle 
inside another 
cen) 
— Whoops! Can 
—— you translate 
that? 
It's not wT 
inside and +} 


If the outside and inside are 
marked by the same distinction, 
then there is no distinction 

about inside or outside. 


Let's look at this “inside/outside" 
language. Make a mark 


Note that it marks the inside and 
the outside. Now put another mark 
to mark the outside, 


I indicate: 
what's inside 

is not outside; 
and what's outsida) 
is not inside. 


You've 
said 
everything 
there is 
to say; 
anything I'd 
say would | 
be 
redundant 


But, the outside is already marked 
by the first mark,so... 


Two marks of the outside are 
equivalent to one mark of the 
outside (and inside). Why 

mark it more than once? 


Fx pressions 


Expressions are qjroups of 


/ 
marks (Sui, gomacks! 3 


On etther side of anegval(s ST gn 
Why do it that way? 


ea mana 


Because a lot of 
mathematics ‘consists 
of exploring what is 
equivalent to what in 
the domains described 
by a set of axioms 


So an example of an expression 
might be 


=a 7 


In this calculus, all of 
what you are doing is 
trying to simplify 
expressions to see if 
they end up in the 
marked state or the 
unmarked state. 


That's all? wf 
Ne 
+ 


That's the basics of it 

(as we'll see in Chapter 
There are some pretty 
interesting results when 
you start using a 

symbol for self reference.) 


Self reference? 


Yes, but don't think 
about that now. 
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Evaluating an 
Ex pression 


First, you have to have an 
expression such as 


a1? 


What you want to find out is 
whether the "value" of this 
expression is the marked 

or the unmarked state. 


How to do it? 


We apply the Axioms of 
Condensation and Cancellation 
to the expression until we 
get a single state, either 
a marked or unmarked one. 


en 


How do we do that? 


We look at an expression 
end ask ourselves 

“how can I apply one of 
the two axioms--condensation 
or cancellation-- to it?" 


Could I have an example? 


Here's an example: 


Suppose we start with this expression: 


Wed 


and we want to know how to simplify it to 
the marked or unmarked state. 


What we can do is to apply the Axiom of 
Cancellation to it. 


What was the Axiom of 
Cancellation? 


Oh, right. Now I remember. 


So we can then apply it to part of 


the expression, 
gue 


So, we then write 


I see. Because you put in 
the unmarked state for 
the two marked states, 
one: inside the other. 
all 

Right. And since/you have 

left is the marked state, 

and you can't apply either 

axiom again to that, you are 

finsihed with evaluating this 

expression. We can say the value 


| ee = “| is “T 


Before we go on, I want to introduce the 
idea of the "deepest" space in an expression 


In order to evaluate more complex expressions 
we are going to need to be able t 
| Giudge whether two marks 
are at the same level 


of depth. or if one is deeper 
than another. 


Here's an example: 


I'm at 
the 

deepest 
level 


We're at the 
same level 
of depth. 


Yes, they appear 
to be at the 
same level. 


Do you see what we are doing here? 


Yes, I think so. 
You are going from outside 
over here and going inside 
and the deepest space is 

the space you have to 

cross the most lines to 
get to. 


Very good! Exactly correct. 
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You can actually count the spaces 


And you can even mark the levels 
with numbers if it is hard to 
see which level they are. 


Look at what we did with this expression, 


I think I get it . 


You just put a number in the space 
depending on how many lines you cross ~ x1 
from outside. 
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Example 2 - Evaluating Expressing 


hall we do a harder one? - 
Try this 


aT 


It has two "deepest" spaces. 
First we apply the Axiom of 
Cancellation to the left- 

most of the spaces and get 


wu 


Then we apply the Axiom of 


marked state 
the unmarkec 


or 
state?" 


. Cancellation to the other 
ee deepest space 
| and we get aA Dd 


Again we have reached the 
stopping place. We have 
evaluated the expression 


Wl T=? 


and found it has the value 
of the unnarked-seatre? 
- 
I noticed you said "left-most" 
when telling which one to start 
with. Do you always start with 


¢ - = Tit) Ge ey) oF: y 


Yes. That is a good rule 
to follow in simplification. 


There is one more thing 
we can do with the mark, 
we can draw it to 
cover a whole set of 
other marks. 


ja 1 


4 


The marks inside are regarded 
as deeper than the one that 
are drawn over then. 


That means that you could 
have all sorts of 
strangelooking expressions. 


That is very strange. 


_ 
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Here's a couple of expressions 
and how they are translated 
into English 


omin =H | = © 


Translation The expression mark inside 

for A mark followed by a mark 
inside a mark all of these 
marks inside a mark can be 
transformed into what? 


If that's English 
I prefer the 
symbols! 


Expression K 
B . 
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Translation The expression mark inside 
of B mark inside mark is equiva- 
lent to what? 


Start your simplification at the 
left-most, deepest mark. 


mit TTi.-- nbn (This ow 


Apply the cancellation axiom. 


a} a « 


That leaves only the mark. 


4 


Try another one. Here's the same 
one reversed. 


And you end up with the same thing. 


I think I have that 
so far. 


Then let's try a slightly 
harder one. 


Ss = Sep Seem ee -s een “0 Ee? 


a eS 


Try this one: 


“TT 


The left-most deepest 
is here. 


Right . 


Now we apply the 
cancellation axiom to it 
and the form around it. 


=T _~“ “ 


and we get 


which is the same as 


5 


which if we apply the 
cancellation axiom once 
again we get 


\ 


M/ 


HeneL 
Onn) Stilow wacked 


Let's try a slightly 
more complicated one. 


O.k. But let me 
try doing it. 
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Here's the example: 


aban 


enna 


)) 


Good. Now try this 
one 


The deepest is 
here. 


Then I'd apply the cancellation 
axiom, 


alt’ 


which would give me 


Drop the quote marks and 
apply the condensation axiom. 


VIET 


which gives me 


~ 


apply cancellation again 
and the answer is 


é 


the unmarked state. 


That's easy. Just apply the 
cancellation axiom twice 


to these two | ( 


W #7 ay Ce 
and the enswer is the 


marked state. 


I've got another question. 


This may seem like a stupid question. 


Not at all. We are very polite 
and treat all questions alike. 


Well,..uh. 


..where do you get expressions from’ 


An application? 


Yes. From some other domain. 
such as electronics or something. 
You translate the English of the 
application into the symbols 
of the calculus. 


Oh. Any other way you get them? 


Oh, yes. You can randomly make 
them up. 


Oh, God! There you go again. You 
mathematicians and logicians just go 
around making up things all over 
the place. 


Yes, I'm afraid that's so. 

You could develop a random expression 
generator. For example a computer 
program whose output is something like 
"Inside the next space put a mark..." 


I hope you don't develop one. 


Hit I'm a random expression 


: generator software. Just calll\¥Z = 
me REGS for short. 
eee, WOUld happen! =r 
= Pp » ——— ae 


a: 
Nv mark 


hate. | 


2 3 ePEISeS 


ri math, you ysvalli have to do 
3 Feu exawoles —tp reatly 
feel c ortable wilh Them. 
Try your nd at these: 


be aii = 


(dheye ares Quswers? 


WA righ roe 
Po the Aigebra bra 


Or how tou ase The; sh. 


One of the things that Spencer Brown 
does is to develop an algebra based 
on the indications. 


Oh, oh. I'm getting out of here. 
That just means more notation. 


Well, stick around. We'll try to make 
is as simple as possible. 


O.K. I'll stay for a while. 
But algebra is awefully abstract. 


Basically, all you are doing is learning 
how to shuffle around the symbols in 
this calculus. 


But why do you want to shuffle 
them around at all? 


The main goals are to be able to simplify We 
the expressions, no matter how complicated, 

to see whether they come out to be the 

marked or unmarked st 


And why do you want to be able 
to do that? 


That's a bit harder to answer. When we 
do get to applications, you want to be 
able ‘to simplify all of these complicated 


expressions to solve problems. For 


example, Spencer Brown applied the 
indicational calculus to electronic 
circuit design. 


I'm never going to design circuits. 


No. Neither am I. But you may have some 
logical problems in your field that 
the indicational calculus may help you with. 


O.K. so let's get on with the 
algebra. 


Some More 
Movaks ON 


Before we go on with the main rules of 
the algebra» we want to introduce 
some more notation. 


We can let a letter stand 
for an expression. We 
call that letter a variable. 
Remember it can stand for 
either a marked or an 
unmarked state. 

So we could write 


a= | 


Which is read "a is an 
expression that is 
equivalent to mark inside 
mark followed by mark." 
So, when we use a letter 
it means 


“an expression 
or 

some expression 
containing 

some combination of marks." 
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With this notation you can write 
such expressions as 


a=b 


which can be translated into 
English as the expression @ is 
equivalent to the expression 


Yeh, but what about 
the marks? 


Well, it means that when the 
marks that @ stands for are 
simplified are the marks 
which & stands for are 
evaluated; you will end 

up with the same value for 


@ and b. 


Which is either the 
marked or unmarked 
state? 


Now, you can also write an 
expression like this 


e.- fi 


which can be translated... 


"The expression @ is equivalent to 


some expression inside a mark" 


OR it can be translated... 


"The expression e can be transformed 
into a marked state or a non marked 
state inside a marked state." 


Do you know what ¥ is? 


4 
+ 


No--f can be either marked 
or unmarked. It's a variable. 


And a variable is...? 


RS + 
<; 


A variable is a letter we use to 
mark a state where we don't (for 
the moment at least) know whether 
it is marked or unmarked. 

And remember these are the only 
two possibilities. 
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Dvloseieobion 


You can substitute either the 
marked state or the unmarked 
state for a letter. 


You can? Either one? 


Sure. Remember, an expression 
is going to be simplified into 
either a marked or an unmarked 
state. 


Right. 


So, what the letter does is to 
enable you to be vague for a 
while about whether it is a 
marked state or an unmarked 
state, 


For a while? 


Yes, until you actually substitute 
either the or the" “ora | 
whole string of them into expression. 
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Let's look at one example. 


Here's an expression 


Now let's make a substitution. 
Let's make b a marked state. 


Go in there OK Coach! 
and substitute you can count 


ere is the expression 
after substitution, 


a=71 How am I 


doing, Coach? 


The bench 


We could also substitute in the 
unmarked stat Here is the 
expressiona= after 
substitution of " '", 


ta How am I 
Pa) = doing Coach? 


_ ot eae 


l 


You see then you can simplify 
the expression, ‘as we did 
in the previcus chapter. 


So, let's review. 


You take the expression 
Sa 


Substitute the marked state for 
b and you get 


a = 1 


And to simplify it you 
use the gagod old axiom 
of cancellation. 


Right! and you get 


a = tt ff 


And of course you can remove 

the quote marks which are just 
there to remind you of the unmarked 
state, so you end up with 


a = 


Yes. I see how you do it. 
But every time I see that 
equals sign with nothing 
on the other side, it makes 
me uncomfortable. I keep 
wanting to put a symbol in 
there of some sort. I feel 
a compulsion to symbolize 
nothing. 


You could do it, as we have done 
with the quote marks, but Spencer 
Brown doesn't. 
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Look at what happens when you 
substitute in the unmarked state 
for b in the same expression 


a= ol 


You put in the unmarked 
State for b and you get 


That's right and you 
can eleminate the 
quote marks and end 
up with 


a ae 7 


One other thing. You can do 
this with much larger sets of 
expressions as well. 


Such as? 
Such as 


a= ST le 


or 


er eral 


You can aay, let's suppose that 
b is always the unmarked state 
or the marked state and try 

it out. 


p 
i} 


be: saves seoeniachemn 
: 
| 
! 
| 
: 
| 
| 
| 


Or you can say let's suppose that 
b, c, and d are all the marked 
or unmarked state, or that b is 


marked and c and d are unmarked. 


Why. would I want to do that? 


To see what patterns result. 
We'll have more of that 
later. 


Daitiais 


Perhaps the best way of proceeding is 
just to show you the different rules 
of shuffling around the notation. 


O.K. Show me the shuffling rules. 


First of all there is one that looks 


he a 
Spencer Brown calls iS ost on 


initial. 


Evrae a minute! What's an aoe 
An initial is just a rule that you:. 


start with initiall 


as 


You mean he doesn't prove it? 


Not in the algebra. He has proved it 
for what he calls the arithmetic of 
the in dicational calculus. So -he feels 
that he can take it as an initial. 


What do you do with it? 

Rare a EE a a 
Well if you have an expression that ~~ 
looks like this 


=] 


you know immediately that it is equal to 
the unmarked state. 


Gy just substituting p for a? 4 


Thaf$ right. | 


All right. Let's go on. 


SO TS SS SS aa re SS 
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He has another initial. He calls it 


t ranspe sitton 


maal= Pig 


Whew! That one is a little 


longer. What can you do with 
it? 


Just like the other one. If you have 

an expression that looks like it but 

with different letters, you can substitute 
and shuffle these letters around. 


€ iy would you want to do that? ? 
Seen a] 


In order to be in a better position to Q 
use other rules to finally simplify 
the whole expression. 


O.K. Then what? 


Well, he proceeds to identify a whole 
group of what he calls 


COR SSH VSHCOS 


{ What are they? 


They are particular patterns that can 
be proved to always happen by 
shuffling around the initials. 


They are all listed on the next page. 


Here are the consequences and their names an abbreviations 


Number Consequence Name Abbreviation 
re) a] a Reflexion ref 
C2 Th] b= “alé Generation Ben 

“lem 7] Integration im 
~ a] 6] ama Occultation oce 
Foam a Iteration mE 
C6 


“al él] a] 6] =a Extension ext 


a Slee alBel Echelon — ech 
ror ale alls Pla Modified Transposi- mog 


tion 


is $1 lal =] lel] Grose cbenenosicion 
= F] ab] tay] cro 


Do I have to remember 


the names? 


No, as a matter of fact, you don't 
have to remember the Consequence 
either. You can always look them 
up if you are doing a long 
example. 


We should probably do some examples 
so that you can see just how this 
works. And then you'll be able to. 
do them yourself. 


Examples! I thought 
I wouldn't have to do 
anything in a primer. 


- “sce a LS A SS se 
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Let's try a Simple one. 


Suppose you had the followi 
example and wanted to simpl 


it. Fie 


Yes. Here's how you'd go 
about it. You're going to 
Suppose that r is either th 
marked or the unmarked stat 
in turn. 


Yes, Spencer Brown proved 
that you can simplify 
expressions to one or the 
other. 


So first we'll try r = 1 


That means that when we 
substitute the mark for r 


we get =] 7 


the 
Now, remembe® Cale for simp 
the expressions? 


Great! I like the simple 


ones! 


ng 
ify 


You mean find out whether 
it represents the marked 
or unmarked state? 


e€ 
e€ 


It has to be one or the 
other? 


lifying 


fo o7- eo) - ee 


Sure, I remember the rule. 
Start your simplification at the 
left-most, deepest mark. 


0.K. =>] | 
——_ 


Right! So do that. 


This is the deepest mark. and 
I apply the axiom of cancellation. 


oa | fh ce 


which leaves me with 


7] 


Drop the quote marks because 
they only indicate that I 
have an unmarked state here. 


And my answer is the marked state. 
Good. Now substitute @ 


the unmarked state 
into that expression 


Start with r | r 


Substitute the unmarked state 
twice here and here 


eh 4 A 7t 


Drop the quote marks and 
my anS@r again is the marked 


state. 


I have to-admit that these 
are pretty easy. . 


7 meme ee. ee ee 


Let's try this one. 


i 


I'll do it. First I going to 
substitute in the marked state. 
Then later I'll substitute in the 
unmarked state. 


So, first the marked state. 
Do the old cancellation axiom 
twice. zl _* 


and I get 
W 4% Vo 7 


Eliminate the quotes and 
the answer is theunmarked state. 


Then I try substituting the 
unmarked state in the original 
expression 


This time ,after subsititution , 


it looks like this. 


oo fi “| 


Eliminate the quotes and it looks 
like I should apply the other 
axiom, the condensation axiom. 


TIT=7 
So my answer is the marked state. 


Hey, I got two different answers 


depending on whether I substituted 


the marked or unmarked state. 
Is that possible? Did I do it 
correct? 


a te en 


Yes, you did it correctly. 

And yes, it is possible to get 

the two different answers depending 
on what you substitute for the 
variable. 


So, what we can conclude from this is 
that at least in this instance 

some expressions cannot be simplified 
any further when they contain variables. 


Let's try one more. And see how 
it comes out. 


cir 


First let's substitute 
the unmarked state and 
try that. 


a [* “ 


Eliminate the quotes. 
That gives me 


as 


Apply cancellation. 


>| =* Ld 


Drop the quotes and the 
answer is the unmarked state. 


Good. 


Now substitute the 
marked state into the 
Same original example. 


alia 


Apply cancellation to the 
left-most deepest position. 


a 


SL ES RR oS cen SEESUahhng SAS ec 


+ er NY ae <e EED eo: oe 


MwA 


Then I apply cancellation 
state. 


I got the unmarked state 
twice. 


Hey, wait a minute. This 
example I just did looks 
alot like one of those 
initials. 


Yes, it is one of the 
initials. I slipped it in 
on you. But now you have 


proved it to yourself that 
rile 


is equal to the unmarked 
state just as the initial me 
says. 


I proved it? 


Sure, you said, the r has 
got to be either the marked 
state or the unmarked state. 
And then you tried both. And 
it came out to be the 
unmarked state in both 
cases. Which are the only 
two possible cases. That 
proof is good enough for me. 


Yeh, I guess it's good 
enough for me. 


again and I get the unmarked 


<> > Clr ss OEY rns we 
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rs . — oe ee ee ee ree eo cee 


| 
Let's take one with two variables. 
TIs\ | 
What we don't know is if it can | 
be simplified any further than this. | 
What can we do? 
We can try all 4 possibilities, 
What 4 possibilities? 
Well, r can be the marked or unmarked state 
and so can s. So we have these possible 
situations: 
j 
r is marked and s is marked 
r is marked and s is unmarked .. 
S is marked and r is unmarked 
| 
| 
t 
| 
| 
' 


both are unmarked. 


Oh, I see what you mean. 
Do we have to try all four. 


Yes. So we first try the 
Situation where both r and s are 
wamarked. 


Right. We substitute the 


mark_in both places. 
c[s 


| 
| 
| 
' 
| 
1 
Then we start with the left-most | 
| 
| 


deepest place. 
=I 1 


That's here 
Apply the axiom of cancellation 


_ 2 a ee ee ee ee, ee, ee oe ©. 


Let's try it now for 


“™ 
£ cancellation 
s out, leaving 


Then apply the axiom 
of cancellation again 
and the answer is the 
unmarked state. 


Yr is marked and S is unmarked 


So you onclude that 
risl 


Substitute 
the mark for 


TI1S( 


Tt Ss 


That gives me 


a 


ral 


I'll apply the axiom of 
cancellation to the 
deepest left-most marks. 


Hey, that leaves me with 
the marked state for the 
answer. 


The last time we tried 
it, when r and s were 
both marked it came 
out unmarked. 


is the simplest that the expression can get when you 


don't really know what _r and s are. 


---substitute the 
unmarked for 


Yes. 


cme eere ed TT 


Some of these just come 
out that way? 


What do you do about that 


Nothing. Simply be content in 
the knowledge that you have 
the simplest expression you 
can possibly have. And that 
you've proved it. 


Sure. You 


Proved it! Did I do another 
proof that I didn't know 
I was doing. 


tried simplifying 


the expression and found, 
using the only possible 
alternatives, that it could 


not be made 
expressions 
and unknown. 


That's what 


Now let's try some examples where 
you have to shuffle around 


were different 


Well, if you put it that 
way, I guess nobody could 
argue with you. 


a proof is. 


| 
any simpler if the 
| 
] 
i 
| 
Oh. | 


some larger number of these 


variables. 


It'll show you how 


to use the consequences we introduced 


a while back 


O.K. But not too many. 


ee ee a ne | 
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Let's take anexample now and 
learn to apply the 
consequences to shuffle it 
around into the simplest 
possible form. 


O.K., you got an example? 

Why should I ask? You always 

have an example. And it's always 
"just a little bith more complicated 
than the last one." 


Here' en an example: 


Bel payee 


I don't even know where to start. 


Here's how I'd do it. 

I'd take a look at the 

table of consequences 

or the initials and see 

if there are any that seemed 
just like the situation you 
face here in all or part of 
the problem. 


Where is the table of consequences 
and initials. What page did we 
leave them on? 


Don't worry, we can reproduce 
them again here. 


Thanks. 


a 
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Ah, here's one. Look at the last part of the expression 


and then look_at, ane consequence abbrevigte 
aietieg oP [ny eule=s = 


a ne 


www ww ee ele 


Yes. That part looks similar. 

But what about that last p. can 
you just ignor that for the purpose 
of applying gen? 


Yes. So what this means 
is that we can make 


So our new expression look likethis: 


acl qlep 


Why does this work? 


Well, you see that this really doesn't 
distinghish the p inside from the P 
outside. A distinction insxide and an 
distinction outside are like not having 
any distinction at all. That's the meaning of the consequegce called 
ex generation (gen). 


So what do we do next? 


We could try gen. again... Take this q lané-this-r- 


which ae€ inside and thes--a equivalent to the 


"pares on the outside. so we get 
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tcp 


ooo 


us and this r 
Then we” xake @en again for this r/and elexinate 
the r inside. And we end up with 


“1 alee 


Then notice that there is another consequence 
that is called integration and abbreviated int. 


It says Ta=7 


And can be interpreted as saying, any mark outside 

a distinction just results in that distinction. 

It doesn't matter if a reduces to a mark or an unmarked 
State. The result wiill be a distinction. 


That 's true of any time 
there is that form even if 
there is a whole bunch of 
things outside? 


"7 Sb el 4e 


Could you eliminate all this stuff? 
Yes, int permits that. 


Wow! That makes things 
simple sometimes. 


Yes. In this case what happens 
is that you can reduce it to 
the marked state . 
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Let's try another example. 


Fpl Pall pl 


That's pretty big. I don't think 
I could handle it. 


We'll try it step by step. 


Let's try to do tansposition on 
this one first. 


Which consequence is that? 


It's not a consequence. IT's actually 


one of his initials of the alg 
this one: 
pel al 


| What this says is that if you have something within 

a distinction twice, you can remove it. It is commmon 
to bothe of them. I doesn't really distinguish 
anything new. 


- - pe ee 2 —- Penna 
- os - 


| You can go the ee Pubes too remember. That is from 
|-left. to. right. is what we do here. 

| 

{ 

| 


Pal p! 


We take this p and put it in the two places indicated. 
So we are left with this expression. 


a cof 


&’ _—_ oo 


You can do that with p inside 
a mark too. 


Sure, its just an expression that 
will reduce to the marked state or 
the unmarked state at some point. 


a 
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So, what 


gen is abi b = “al b 


Then we can do gen. again on these two p's. 


Taal 


| Note that he rearranged thig 
| 
| 
| 


So we get 


mark 


You can do that? 
| Sure, at the same level, or 


deapth, you can just move the 
order around. 


| 
| Now we can use int. \a — 
} 
| 


within the different levels. 


wee eee . 


tere & rst Than Then 
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So we end up with 


al 


Then you can use the axiom of cancellation three times. 


Or you could,doing the same thing, use ‘position 


three times. —_" 4 
rel = 


So you end up after all this with the 
unmarked state. 


Well at least you get somewhere 
--or perhaps you could say 

you get nowhere, but you know 
where you got. 


Yes, or something like that. 


a I TEED 


— Theorems 


First of all, let's review what a 
theorem is. 


Yeh, review...if I ever 
really knew it in the 
first place. 


Well,a theorem is a consequence. 


It is an assertion that 
particular things are an 
inevitable result of the axioms 
you picked in the first place. 


Let's see. You pick 

your axioms, such as 

the axioms of cancellation 
and condensation. 


certain things result fron 
then. 


That's right. You want to 
be able to prove that your 


! 

Then you deduce that 
| 

| theorems are always true. 


All raght. That all sounds 
like a very simple preamble 
to a difficult subject. 


You'll find it isn't so 
difficult. 
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One of the things mathematicians 
do is to explore the properties 
or implications of a set of 
axioms. They want to be able to 
say “such and such" is true of 
all expressions (or a certain 
type of expression). 


For example, you would want to 

be able to know if you can 
simplify any expression (consisting 
of a finite number of marks), 
before you started doing it. 


Otherwise you might do a lot of 
work and end up without a 
simplification. 


Yeh 
The answer to the question about 

whether you can simplify any 

expression consisting of a finite 

number of marks is "yes." 


I proved that you can always 
simplify an expression if you 
have enough time. 


pw 


“A 


But why prove theorems at all? 


When you are proving theorems, you are 
exploring the properties of the 
expressions. 


You are finding out about the constancy, 
invariance, condensation properties 
of the axioms. 


What does that mean? 


ome arrangements have a constant form. 
That is the arrangement doesn't go away 
no matter how you substitute variables 


in the expressions, 


Y But still, why do the proofs? 


Well, you want to know the constancies 
of arrangement before you start to 
apply a calculus. If you recognize 
the constant forms, and are absolutely 
sure of them, you make it easy for 
yourself. 


Well, can you give an example. 


ure. Suppose you knew this about 
Spencer Brown's calculus. Supp ose you 
knew that with all possible arrangements 
there are only certain possible patterns 
that an expression could be reduced to. 
SSS 
Ne 
Well, you'd be able to do certain 
Manipulations with the expressions 
with alot greater confidence. It's like 
having a map that someone has made 

of a place you're going. You're much 
more sure of the territory. 
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ea Pity 1g & The even 
Formally 


ttaw do you stote that 
last Theorem formally? 


Theorem 1. An expression 
consisting of a finite 
number of marks can be 
simplified to a single 
mark or no mark. 


(pe TEER 


We won't show you the proof 
for this one but it gives you 
the idea of what theorems are 
all about. 


Will you prove 
some theorem? 


eee 


Yes, but first we 
need some more 
notation. 


"eb the 
Ors © 
The orem 


lnvapri anes 


This is an interesting Theorem. 
It says that the expression 

“? | is equal to the 
unmarked state, and it doesn't 
matter if Pp is marked or unmarked. 


Hey, weren't 
you going to 
prove a Theorem? 


In fact Pp can be any expression. 
a -_ 


Now for the proof. 


Yeh, prove it 
to me. 


how we are going 
the tactics of i 
speak. First we 
going to substi 
the marked state 
p and simplify. 

then we are going 
substitute the 
State and simplilfy 
and if they bot 
come out to the 
unmarked state 

‘| will have proved 
‘\our theoren. 


First let's suppose p= 1 


OK so far. 
di, 
Se 


Then we can substitute it into 
the expression 


‘Pipl 


Here's the substitution 


=I 


We were substituted {or P 
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We then apply the Axiom of Cancellation: 


this aI: | 
qancels**° @ 
leaving 


in| 


We drop the quote marks and we have 


= 


We apply the Axiom of Cancellation again 
and we end up with 


wa 


Now let's try it the other way. 
Suppose we make P equal to the 
unmarked state. 


We substitute the unmarked state 
for P- 


I'm here substituting 
for Pp in both places. 


We drop the quote marks and 


we dias | | 
a Then we cancel =] and 


we are left with the unmarked 
State again this way. That's 
it -- a proof! 


lel =~ 9 


Everytime! 
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What other sorts of proofs are there? 
There are some basically procedural 
proofs. 
Theorems like: 


Any expression can be simplified. 


— seems kind of simple 
Yes, but you'd like to know it for 


any expression, no matter how big. 


Yeh, I suppose you would. 
Pr ara emer 
And theorems like: 


Any expression will come to the same 
result, no matter how you simplify it. 


You'd wanto know that in order to 
be sure that you wouldn't get two 
different results from doing the 
Simplification of the expression in 
two different ways. 


Quite a few others. But here are a couple 
of useful ones. 


Any even number of marked expressions in si f one another 
can be simplified to the unmarked state. 


Any odd number of marked expressions insite of lone another 
can be simplified to the marked state. 

Is that true? If it is, it makes life alot 

Simpler! All you have to do is count the 

funny little marks? And then you know how 


it is going to come out! Are you sure he 
proved it? 


—_ coos e wm 


© ee eee. 


We'd better look at that. Note 
that I said inside of one another. 


Here's a demonstration. 


Tl 


We have three marks, and odd number 


Let's apply the Axiom of Cancellation 
to the inner two marks... 

oF *% 

M ° 

.W 


What do we end up with? 
The marked state. 


So, odd ‘makes marked. 


Now try an example of an even 
number... 


1 


Four is even. 


Apply the Axiom of Cancellation to 
the two inner ones... 


ry 

i) 
ee & | 

Drop the quotes and apply the Axiom 

of Cancellation again... 


gives you 


And you get the unmarked 
State. And even makes 
unmarked. 


oo a) eee eee eee a 6 ree CN a DA SS ae cNSPESIGUENNSSS= 
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I warftto ask you a quesion. 
( Sure. 


Ss sort of a stupid question. 


Anything you want to know. 


Be you really need all this formalism, all these 


symbols? They make me uncomfortable. 


Well, yes, I'm afraid you need 
then. 


Well, they are recipes for creating 
thought. And thought creates many 
of our perceptions. That is, how 
we think determines how we see. 


But what does that have to do 
with these unfamiliar symbols? 


Well these symbols are recipes for 
getting you to think about areas 
where ordinary language is inadequate. 
We have no experience in some of 
these areas. And thus we have no 
language for them. That is true for 
much of mathematics and logic. 

They make clarity of thinking much easifr. 
They're also very compact. You've 
seen how much longer and wordier the 
English is. 


That's true. But I still sort of like 
the English. 


OO aa acamad 
That's one of the problems with using 
symbols. People want to relate 
to them immmediately to what they 
know. That is they want to treat 
mathematical and logical symbols as if 
they were English. 
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€ what's so bad about tae} 


2 ———— 


If you do that, you get all screwed up. 


Why do you get all screwed up? 
s Because in a mathematical system, the 


meaning is totally defined within the 
initial axioms. They are thought of 
as the defining axioms of the system 
you are dealing with. And nothing 
else. 


If you try to attach other meanings to 
them, it is dangerous. 


Se 


Yes, because people try to attach all 
sorts of meanings to the notation. 


Dangerous? 


You did that with the "Go through the door" example. 


I did. And I felt I had to. But 
in a certain way I wish you'd forget 
the example and just think in the 
symbols. 


Because the English--like any language-- 
works because of its vagueness, because 

any word can have several shades of meaning. 
Language is the flexible communication 

tool it is, because of its ambiguity. 


Well, people want to treat notation like 
that too. 


But they shouldn't 


O. ey shouldn't. They should just 
take them to mean exactly as they are 
defined in the initial axioms. 
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So, what you're saying is that you 
get yourself an idea or purpose. 
You say with your axioms," here's 
what I want to think." 


Then you prove a bunch of theorems. 
And you do that because you want 
to know what the consequences 
are of the thought system 

you made up in the first place. 


And you think that behaving that 
way can be useful. 


Sometimes it is. 
Sometimes it's not. 

Sometimes it's value is that 
the symbols are meaningless. 


Why do you say that? 
rr ED 


Well, because, sometimes there's 
a value in having to think 
Something through in unfamiliar 
terms. You keep your thinking 
flexible. You enable yourself 
to think about new things. 


Remember, I said, thinking often 
determines perceptions. So 

if you keep learning to think 
hew ways, you may be able to see 
new things. 


Actually see new things? Or are you 
just talking metaphorically. 


(S bapeer 


S 


page rocluei ng 
Selle -|> eberense 


Sel$-ReSereance 


Logicians and ordinary people have long Known that 
it is possible to create sentences that refer 
to themselves. 


5 Example? ; 


This sentence has exactly six words. 


Another example? 


This sentence has been written 
using the English language. 


So what's the big deal? 


Consider this example: 


‘This sentence has exactly five words. 


No it doesn't 


Exactly. But consider the example: 


This sentence is false. 


Now, wait a minute. You can't do that? 


‘ Why not? 


Well, if it is false then it is true. But if it 
is true then it is false. 


Exactly the sort of problems that self- 
reference gets you into. 


Well, it's a good thing we can avoid it. 


Well, actually, it's alot harder to avoid 
than most people think. 


self referential 
There are alot of other/sentences I could 
show you. Alot of them are paradoxes. 


O.K. Show me. 


All rules have exceptions. 


Including that one? If it does then it 
doesn't . If it doesn't,then it does . 
Oh, dear. 


How about: 
Never Say never. 


O0.K. even I have used that one! 


Here's a good one: 


Ignore 
This 
Sign 


Hey, wait a minute. ou have to read it, in order 
to understand it. But when you've understood it 
you've already violated the rule! 


There are also two sentence self-referential 
paradoxes. Did you ever see this T-shirt? 


| The statement 
on the other 
side of this 


shirt is 
false. 


YL /, 


The statement 
on the other 
side of this 
shirt is 
true. 


Frowt Bacle 
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Lucky we don't have to deal with 
self-referential paradoxes in 
the real world. 


Well, yes. But in alot of modern thinking 
in science and technology and mathematics 
dealing with them we have to deal with 


Oo computer programs that use themselves 
to solve part of the problem 


functions that are functions of themselves 


We call these "recursive" functions 

or programs. It just means those that 
call upon themselves to do what they 
have to do. 


There are also 


o interactions that interact with 
themselves. 


Systems that use themselves to produce 
other systems and to keep on producing 
their own existence. 


Yikes! O.K. Maybe this 
self-referential stuff may be 
important. I thought I 

could ignore it. 


o and biological systems 


Oo and societies 


0O.K., O.K.! It could 
definitely be important. 
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Surely philosophers have taken care 
of this. They must have worked out 
a good solution. 


Philosophers have dealt with 


Self- cefeseutial ct rcula vity 
wma variety Way s- 


roy asecalled 
“yjctoos , a 


This net , 


_ St 
cig ey at St 


Conus der. 


Preak up any 


Cireylocity 
jnto hierarchical 


form vSi The 
Theory of 


Whatdees Tat 
Say? 


ake Two ouels 
outo€ Senteuces 
liketThat. Don't 
let Sentences at 
a sivgie level cefer 
to Tneu.selves, 


Sem ee eee ee ee ere re, ee oe em ee = ee eer re 
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Spencer Brown suggested that we consider 
what would happen in the domaine of . 
distinctions (i.e. in the indicational 
calculus) if we introduce an expression 
that refers to itself. 


He brings it up after 
Russell and Whitehead 
said "Don't bring it 
up again?" -. 


Yes 
Why? 


Because he didn't see the necessity 
of introducing a new hierarchy of 
levels when it could be included, 
in the calculus itself. 


In other words, he has a way of 
reinterpreting the contradiction 

as a self-referential form... 

He sees it as the completion or conclusion of 
all other logics. 


Can you say that it at least 

one more way, because I don't 
think I quite get what you're 
Saying. 


Instead of shutting down logic 
with two states, the mark and the 
unmarked, Spencer Brown allows 

a third state, which he calls 

the self-referent form or 

the reentrant : form. 


You're going to explain all 
that, right? — 


Yes, in this chapter. 

Let's start by introducing 
the expression that refers to 
itself... 


oo 


Suppose we introduce an expression 
that refers to itself in Spencer- 
Brown's indicational calculus. It 
would look like this 


£ Transiate into English please. 


e 
OK. & is an expression 


that is equivalent to 
itself inside a mark. 


f 


How are we to interpret this? 


So far, so good. 


(ED 


Does it have any 
meaning at all? 


Let's see how it behaves. 


If we say that i ler , it means 


that we can substitute il for F ; 
So let's do it. 
OK 

e 

I Reema 
But we can keep doing that because 
i= i | » we can keep putting 
41 in the expression. 


Hey we could keep doing 
that forever! 


Note that every time you substitute 
in the self referential expression 
you get a deeper level 


Yup. It gets 
deeper and 
deeper. 


Here I go 
again, Coach! 


And deeper 
and deeper. 


And the self entrant expression 
keeps saying... 


7 


Substitute me 
for myself 


a D 
So it just keeps going indefinitely 
substituting for itself. 


—— 


Indefinitely! What does 
Spencer Brown do about 
that? 


Al 


Nothing. Just let 
it go indefinitely. 


Doesn't that bother 
mathematicians? 
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| 


Yes we could keep doing it forever. 
Let's introduce the symbol three dots 
(...) for this could keep going forever. 


and ever and ever... 


So we can write 


What is the value 
of this expression? 


We don't know its value. 
So, because it is indefinite, 
3 has become indefinite 

2 or indeterminate . Why? Because its 

value depends on how many marks there are in it. 

And to know that we have to know how many marks. 

But we don't know. So we say it is in determinate. - 
We can just keep going DEEPER and DEEPER and NOT STOF! 


ees ee er ee ee ee eee eee 


2 TS 
Oh dear-- 

what do we 
do about that? 


Right now we aren't going to 

do anything about that. Just 

notice it. We just have to recognize 
tnat it is irreducible to either the marked state 
or the unmarked state. It has no determinable 
value... 


but, we can look at the self referent 
expression in another way. 


You always have 
another way of 
looking at it! 


renee ET A AS aS A AS ie 


a A a a ae ae aere =< * o 
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Note that i can have two possibilities 
the marked state or the unmarked state. 


Suppose we start with the self- 
referent expression 


Then we apply the Axiom of 


Cancellation (Il =“ “% ) to 
it. We get : 


| and | can be cancelled 


to t ee so 


What! You can't 
have that--that's 
contradictory. It 
says “a mark is not 
a mark!" 


Ne 


That's right. Or it says 


Mark - not mark - But mark - not mark 


Saw fh MO — * 00 ew Jf 


j= = | qup = - 
- >, ee 


Three dots for sure! 
Indefinite again! 
Jeeze! This is silly. 
What possible good 
can you make of this 
mess? 
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There is yet another way to look 
at the self referent expression. 
Francisco Varel a suggests that 

all descriptions are based on 


distinctions. Hence, they are 
at bottom 2 sided (this and not 
that). 


This would mean that all of 

the categories we think in are at 
bottom similar to the mark-not marked 
States. He points out that 


pattern/dynamic 
is one such basic complementarity 
of thought. 
A pattern is static. It exists 
in space. 


A dynamic is a moving pattern. It 
exists in time. 


So we can ask, what does the self-referent fo 


distinguish? Is it a mark for a 
pattern or for a dynamic. 


< both? 3 
Or neither? | 
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Varela points out that the 
patterns or dynamics that 
come from the self referent 
expression behave a lot like 
the way we think of 


patterns§dynamics 
in in 
Space time 


First let's take it's representation in space. 


This version of the self 
referent mark yields a coherent 
pattern something 


like a group of 
that repeat 


forms themselves 
; such as lives of Nindefinitely 
. =," force around a 
bx magnet. 
a : " ; =. mr, 
: ? a) te ‘ 
o? cs od ‘ . 
obs | -:* ‘Or, the electromagnetic waves 
4.3 SB 2! sent out from an oscillator 
“oy Ace a 
Xs y) NS: 
mew te 
Another representation of the Or the waves in a popd... 


self referent mark can be 


nade in time 
or a 4 e “a @f @ 
(nam feo) Cy 


catia 
Here we take the : ae l= = | 
reentrant expression W*could be symbolized by an ocillatory 


+4 wave (by substituting for 
} = il and for et ") Mm 

and let is J -_ 

It would look like this 


in which case 
eee eee 


using the 3 
| Axion of On-off-on-off-on..- 
| Cancellation 

you get ( 

io 

and then 
substitute thé 


je" for = 
4 in the expression i = if like this i-="" 


which reduces to the marked state. So in a serie of timed substitutions, 


6-12 


And how would you translate 
that into English? 


We could translate it as 


I just sit here coming into 
existence and going out 
of existence. 


Or, if you use the spatial 
representation... 


I just sit here pulsing 
away deep in the heart 
of any expression that 
contains the self- 
referential mark. 


€ 


({ 


—i > 


| freseuting wee 


Mark / 


(neces rene 


—~ It would be convenient to 
have a way of avoiding 
certain repetitive and 
cumbersome expressions that 
come about from the use of 
self reference in the 
indicational calculus. 


Hee 


It sure would f 


ne 
= 


So Spencer-Brown has 
introduced the self- 
referential mark. 


He calls it the mark 
that “reenters" itself. 


Or the reentrant form 


The Self- 
Referential 


or the reentrant distinction. 
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So, when you are considering a self-referent 
expression, you are considering the 
3d value an expression can have. 


Before we had the self-refernt expression all 
you could do is reduce the expressions to a 
marked or unmarked state. Now there is a 

3d value. 


puntelas into 
And, it £n infinitely repeating pattern in 
space and time. 


---a@ holograph in space... 


--e-a wave form in time. 


And it is a UNITY. That is 


Vou Can't separate dq 
Pattern 


Try to take a 
chunk out of 

me and I disappear 
You can't 


separate me. 


lf you take me apart 
like below, you can't 
continue calling what 
you have--the part-- 

a pattern. 


You can't have 
up without down.. 


I'm one 
part 


Separated, we are 
not a pattern. 


Patterns are Wholes 
Aa unity arrises 
trom 'self-ceference. 


inne ne 
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ve: 

Due of Ne arveatest \< losephers 

Ard malhematkziagus of 

ZO bh Centvra, 7 

Al Fre Noa) tutehe ad , 
Pegarded cachelemeantet 


The uuiverse As 
B® vibratory £6? and 
flow of an! underly hg 


es 
mate elem , 
ult T ESSEUEE viobratols 


“The Invariance 
Theorem and 
Self - Reference 


Remember the 
Invariance Theorem? 


Now suppose we put this expression 
inside the expression we used in the 
invariance theorem in the last 
chapter. 


What was that? 


-—-- 
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How do you put this i=l 


inside the 
lp P 


By substitution. We substitute 


Ready to 
go, Coach! 


oo eee ce ee ee, 


OK I see the 
substitution. 
But, so what? 


Let's simplify. 


111 


We can apply the Axiom of 
wa 90 


Cancellation pad 


and get *» A 
= 


ee 
Then we substitute a for } 


twice and get 
a7 
Apply Axiom of Condensation “7 - “1 


and get =7 SS 
the 


Ceey wait a minute! I thought t7s3 @ , 


That's right. So we get a 
paradoxical result when we 
put a self-referential 
expression in a theorem of 
invariance. 


Like this sentence is untrue? 


Yes. 


| So what does Spencer Brown 


{ do with that problem? 
fume ee, 


He just lets it be. ~ ; 

He says that down at the bottom o 
making distinctions that refer 
to themselves is an indefinite, 
infinite pattern or marks and 
no marks. 


Well, at least he doesn't 
say, Don't do it. 
the way Russell did. 


He just leave it there... 
flip-flopping along... 
back and forth... 
vibrating away... 
Hmmm 


Did you know your brain contains about 10/9 cells? 


That's alot. But I keep forgetting 
just how to do the scientific 

notation. What does ten to the 
tenth mean? 


It means a very large number. It means 1 followed 
by ten zeros. Altogether that's 10,000,000,000 
or ten billion cells. 


That's alot to think about. 


And each cell contains about 10° macromolecules. 


What's a macromolecule? ] 


Well, it's a very large molecule, made up of alot 
of pmaller ones. So, your brain contains about 
101° macromolecules. 


Whew! 


Hmmm. That's 1,000,000,000, 000,000! 
That's even more to think about. 


By the way, that figure may be off by aboutone 
order of magnitude. 


Remind me again, what's an order of 
magnitude? 


Well, in the case of macromolecules, its the difference 
of 100,000,000,000,000. That is, you take off one 
zero for each order of magnitude. 


ue 


So my brain may be 100,000,000,000,000 
smaller than I just thought it was 


Wt But, why all this talk about 
macromolecules? 


“A 


Well, it has beenpgstimated that your brain gets rid 
of and obtains new‘molecules for each cell an average 
of 10° times during a lifetime. That means that 
according to the biologist Paul Weiss "every cell 
in your brain actually harbours and has to deal 
with 10° macromolecules during its life." 


That's alot of turnover. But so what? 


Did you ever notice that,despite the turn over, 
you still remember things. 


Oh, yes. I guess that is remarkable. 


Weiss says "despite that ceaseless change in dtail 
in that vast population of elements, our basic patterns 
of behaviour, our memories, our sense of integral 
existence as an individual, have retained throughout, 
their unitary continuity of pattern." 


O.K. I get it. How do we do that? 


Nobody quite knows the answer to that question. 
But some biologists are quite interested in the 
question. 


The fact that we retain our autonomous unity of body 
and mind despite the turnover of the components of 
our cells is referred to as 


Aavutopoie si = 


which can be translated as "self-producing," 
or "self-creative," or "self-renewing.'"' The word 
"auto" in Greek means "self" and the word "poicsis" 


means "creating." (The adjective form is "autopoietic."') 
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Humberto Maturana and Francisco Varela, two 
Chilean biologists and system theorists, 

have used that word to refer to any system 
that has self-creating properties. 


It's their word for 
"living" systems, 
right? 


And what's 
interesting, especially to Varella is 
that autopoietic systems somehow do 
what they do by self-reference. 


I guess you'd say that. 


What do you mean? 


maintaining their integrity, their 
boundaries; and they are continuously 
creating more of themselves both by 

reproduction and by continuously 
keeping themselves going. 


Why is this self 
referential? 


| 
| 
| 
| Well, somehow, they are continuously 
t 
| 
i 
| 


Somehow, they are giving themselves 
| the message: “keep making an organism 
like the one who is saying this. And 
I am saying this to myself." 
| nl 
V—— EE 
That's what we say to 
ourselves! That sounds 
a little mixed up--but 
all those self-reference 
messages sound a little 
strange when you write 
them in English! 
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ae gagata 


Think of the genotype--that's the 
biologist's fancy way of talking 
about all of the genes taken 
together--saying somehow "Make 
more like me and here are the 


instructions." 


In other words, the genes 
are a set of instructions 
for making a machine to 
carry out the instructions 
to make a machine to carry 
out the instructions to 
make a machine...hey...you 
could keep going on forever! 


Yes, there's an old saying 
that the chicken is an egg's 
way of making more eggs. 


9 a 
“I think I'l] make 
something that can 
make eggs...How 
about something 
like ” 
~ ~., t : 


es 
—Ea aa = ¢ co rw, 


e 
‘ 
4 
( 


| 

| , 

| 

| on Pa rd BNE iat Rear 
a= ‘ 


oa ~ c rs 


Or you could say that a human 
body is the gene's way of 
making more genes. 


Now wait a minute! 
Isn't that going too far?! 
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How did they start doing 
this in the first place? 


This is one of the great 
mysteries. How did life 
get started. 


a) 


And it's mixed up with 
self reference? 


Well it seems to be, 


——— EEE 


I find it hard to think 
about both of them...self 
reference or self-creating 
and how life began. It's a 
little like pulling yourself 
up by your own bootstraps. 
It's hard to think how to 

do it. 


But you're doing it 
whether you're 

thinking about it or 
not...er self creating and 
self reference that is. 
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How do you go about thinking 
about self-reference? How 

would you use it in looking | 
at problems in biology? 


Well, first you'd look at where 
in the process is there self- 
reference. 


Re EE SE EI 


But, you'd find that every- 
where! 


That's right. Any process that 
maintains itself with feedback 
contains self-reference. 


How does it do that? 


Well, that's often what you are trying 
to describe in biology. Somehow it 
has to give itself feedback as to whether 
it is itself (otherwise how does it 
maintain its integrity, its boundaries?) 


I can see that in animals 
and plants, but what about 
inanimate objects? 


Maybe even a stone has feedback. The 
molecules inside a stone are coupled 
to each other. They have some kind of 
primitive feedback to each other at 

their boundaries. It's a low level of 
feedback. It's internal and invisible. 
But somehow the stone's molecules are 
saying things to each other. 


Where do 
I belong? 
° into someone else, 


Here's where ad 


4° 
I am and that le we 
must be you 
— «, 


I can't go too 
far before bumping 


But stone's molecules don't 
talk that way to each other... 


No. It may seem silly to anthropomorphize 
that way. But my physicist friends talk 

like that all the time about molecules and 
particles. 


They give them voices? 


Sure. They say things like, "If I were a 
molecule how would I think about my 
neighbors?" 


If I were a stone 
how would I hold 
myself together? 


fs ¢ 


Larger, more complex organisms have 
larger feedback systems that enable 

them to maintain more complex structure. 
This means that we can say that the self- 
reference is at a higher level in the 
order of distinction. (If you think in 
terms of the depth of penetration of the 
distinction.) 


I think things like 
that too. 


A good 
question! 


I'm at a higher level because 
I'm at a deeper level of 
distinction than a stone! 


Naself selerential mark, reureuler ? 


In biology, we note that there are soit referential 
loops all over the place. 


I don't usually see 
then. 


The eye is not very good tool 
for observing them. The eye 
sees only what is here right 
now. The eye can not see many 
of the patterns in nature. It 
does not see the vast cycles 

such as the nitrogen cycle: 


THE NITROGEN BIOGEOCHEMICAL CYCLE soy laa 
x ha: ELECTIFICATION (lightning! 
ra ara ered Photochemical Fitetion® 
¢ 
é 
/ NITROGEN 
t GAS 
ener 
ry relent Ad 
\ 
\ 
\ 
\ € 
Say if ‘ 
“We eee” a AMMONIA 
Gesic steps of some circutation in sscending aminitying 
descending order, with energy — "A 
forms on So end and energy abst al forms below. N, acre 
a 
~n a ”” 
é= requiring energy from other sources 
ose providing energy to the decomposer orgenierns 


You can't see this. It is a visual model of 
ideas based on observations of discrete events. 
But the whole cycle has self referential loops 
as characteristics. 


4 


Somehow, it maintains itself. 
It is on-going. It keeps itself 
going and is self correcting in 
certain respects. It maintains 
the boundaries of the system. 


There's another process that is 
very self referential. Chemists 
call it the metabolic pathways. 


Ce EE ED 


Ityve seen such charts in 
ecology books. How does 
it have self referential 
characteristics? 


Figure 4. 
The Electron 
Transport System 


2 
qostena = Fe quae - F0°2 


AP A — > 
¢ 


eer 2 Cyncwvera-e 
7 Pet? ; #°3 


From ESSENTIALS OF BIOLOGICAL CHEMISTRY by J. L. 
Fairley and G. L. Kilgour. Copyright® 1966 by Van Nostrand Rein- 
bold and Company. Reprinted by permission of the publisher. 
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Note that in these processes many 
times the product of one process 
feeds into itself. And there is 
the characteristic that it keeps on 
going--not just any way--but ina 
way that has an identity, a 
predictible one that chemists can 
describe and predict. 


And all that from messages 
to itself to behave in 
some predictible way. 


Messages is an anthropocentri€ 
metaphor, But, yes, something 
like messages perhaps. 


You're hedging. 


Sure. We don't know just how to talk 
about these things. 


But people still write 
books about then. 


Yes. 


ee 2 ee es ee es ee cee ee 
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Another way of talking about self-reference 
is to notice that biological organisms are 
wholes--and to describe the nature of wholes 
adequately you have to deal with self- 
referential descriptions...systems that 
create themselves. 


One of the ways we have described biological 
processes is to use the input-process-output 
model, 


We assume that a biological process looks like 
this 


CN] Processhy Output 


That's classical 
systems theory. 


That's right. That's how 
most scientists and cyberneticists 
think. 
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ed 
ec cw ee cr 


But you can't do that for a living thing. 


First of all they would be better represented 
like this (with all their loops) 


Gadzooks ! ? 


Besides that there is no 
beginning. You might say 
the beginning is the end. 


But certainly the 
input-output diagram 
is useful for something. 


Of course! It was the basis for 
gigantic stries in understanding 
phenomenon and it is still tremendously 
useful in designing systems in an 
engineering sense as well as studying 
natural self-referential systems so 
long as you can deal with vastSimp] ifeations 
in the self referential properties. 


This actually takes us up against the problem 
of how did life first begin. 


That's a big question! 
Well, some biologists work on it. Of course, 
one of the questions is how did the first cells 
know how to become cells? 


4 Yes, how? 
a Santis 


But, somehow the ce aq to get itself together 
out of what the biologists call the molecular 
soup (which is just alot of molecules mixed 
together like some alphabet soup). 


But the real trick is that the 
cell had to specify its boundaries. 


How did it do that? 


Presumably through certain molecular 
productions that produce a boundary. 


And how did "the molecular 
productions" come about? 


They come about when there are 
cell boundaries. 


Hey, wait a minute. Did you just 
say something like "the boundaries 
permit the creation of molecules 
that have the capacity of 

creating boundaries?" 


Yes. 


But which came first,- the 
boundariesyor tthe molecules that 
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Yes, it's like"which came first the 
chicken or the egg?" Which came 
first, the molecules that permit 
the creation of boundaries or the cell 
boundaries that permit the creation 
of molecules that permit the creation 


of boundaries... 
( So do biologists have an answer? 2 


‘ n a Situation 
occurs, a whole new domain comes into 
being--life. And life, it appears, 
is quite involved with such self- 
referential loops. Once you're into 
self-reference ,you're talking about 
the producer producing the producer 
producing the producer... 


And alot of the distinctions we 
usually make in thinking about 
things don't make too much sense... 


(Such as? 2} , 


Such as''beginning''and"end" 


( yes, which came first... 
and" producer"and"product" 


Q,K. I see. whatever 
you are talking about is 
both producer and produced. 


and"input"and"output" 


eam «8 - ae e e  e mee eee oe ee 


I guess you can't make a 

clear distinction between 

them. You have to say 

the cell wall and the molecules 
are both input and output 


So, how do we talk about this 
subject, if everything we say 


is all blurred together , all 
tangled into knots. 


All"deeply intertwingled,” as 
Theodore Nelson likes to say. 


Intertwingled! Scientists don't 
use that word,do they? 


No, but I like it. 


But you asked how do we talk about 
this new deeply intertwingled knot 
of self-reference. We are just 
learning how to talk about it. 

G. Spencer Brown's calculus of 
indications is one such probe... 
one such exploration. It helps 

us keep things straight at a very 
simple level. It may not be the 
actual language that we use to 
work on many of these biological 
problems. Or it may be that someone 
will come up with a way of using 
it or extending it to deal with 


then. 
Very modest. I'11 buy it. ; 


But what we do find that in these 
kind of situations we have to watch 
out for our usual logic. 


Such as when we say 
the boundarf can't both come first. 
t must be either one or the other." 


Yeh, I see what you mean. 
In this case'both-and''sure 
beats"either-or." 
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And that gives the ordinary person 
working with our usual formal logic 
a fair amount of problems. Because 
there is a law of logic that 

says 


A can not be both A and 
not-A at the same time . 


It is called the law of the 
excluded middle. 


And you are saying that 
something can be 
both producer and product 
inputer and outputter, 
at the same fime. 


Yes. 


Well, yes and no. 


Yes, when we are dealing 
with the problems of self- 
reference...or perhaps we have 
to make some modifications of 
it. 


So we have to throw out the 
law of the excluded middle. 


Now wait a minute! 


And no, we need to keep it for 
the situations of everyday life 
when we need to use ordinary 

formal logic. 


Has anybody written a prime 
on when to use which? 


Nope. 


Hey, I thought this was 
supposed to be a chapter on 
biology. And here you are 
talking about logic. 


That's a tangled loop if 
J ever saw one. 


What do you mean? 


Well, suppose we are using 
the Law of the Excluded 
Middle right here in the 
middle of this chapter 
on the biology of self- 
reference. 


Quite possibly we 
are. 


So here we are refering 

to ourselves ... at least 
the chapter is refering to 
itself. 


Would you like to 
go back to outlawing 
it? For exauple: 


This chapter must either 
refer to itself or 

not refer to itself 
but not both. 


But wouldn't you have to 
put that sentence in another 


chapter? 


Yes, I suppose. But 
it would be harder 

to talk about what we 
are talking about. 
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Spencer-Brown’s vision, then, amounts to a subversion of the tradi- 
tional understanding on the basis of descriptions. It views descriptions 
as based on a primitive act (rather than a logical value or form), and it 
views this act as being the most simple yet inevitable one that can be 
performed. Thus it is a nondualistic attempt to set foundations for math- 
ematics and descriptions in general, in the sense that subject and object 
are interlocked. ~ a 
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La ol2 VU sthe Arcieut chinese Sage: 


Is there a difference between yes and no? 
Is there a difference between good and evil? 
Must I fear what others fear? What nonsense! 
Having and not having arise together 
Difficult and easy complement each other 
Long and short contrast each other 

High and low rest upon each other 
Front and back follow one another. 


adoro The Tao Te Chin 
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And Chuva Ng “TZU, another 
mportont Chinese plilesepher... 


Thus, those who say that they would have right 
without its correlate, wrong; or good government 
without its correlate, misrule, do not apprehend 
the great principles of the universe, nor the nature 
of all creation. One might as well talk of the exis- 
tence of Heaven without that of Earth, or of the 
negative principle without the positive, which is 
clearly impossible. Yet people keep on discussing it 


without stop; such people must be either fools or 
knaves. ; 
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No lines between black and white. 

No lines between young and old. 

No lines between our side and your side. 
No lines between me and you. 


Not to draw lines Is not to discriminate. 
The ability to discriminate is the key to perception. 


We are learning not to draw lines. 
| 
| 
| 
1 
' 
| 
\ Are we taking leave of our senses? 


Maybe. 


| Maybe we're learning to draw lines with disappearing Ink. 


Paul Williams, Das Energi , New York, Elelctra 
\973 


Pp. 2-4 


p. 2-3 


1. 


NOTES 


" Joe Rosenshein may have invented this notation 
to keep track of the unmarked state. He's not sure. 
He's looked in his notes an racked his memory and 
can't find any other references to it. 


Other people use other signs for the marked and 
unmarked states. One useful one for the mark, 
when you are uSing a typewriter, is parentheses. 
() indicates the mark (O © (€Q)) is en 
expression. 


David Greenberg, Charles A. White, and Gary C. Berkowitz 
in a recent paper (unpublished) called "Toward an 
Indicational Organism" refer to the unmarked state 

as "void," an ‘undifferentiated or seamless realn, 
which is not formful experience." 


Some folks are disturbed by this and call it 
and “empty space" or a “blank.'"' (Kahout and Pinkava, 1980) 


For a full discussion, the reader is referred to 
P.L. Heath's article on "Nothing" in the Encyclopedia 
of Philosophy wherein we read (among other things)" 
"Ever since Parmenides laid it down that it is impossible 
to sp ak of what is not, broke his own rule in the 
act of stating it, and deduced him elf into a world where 
all that ever happened was nothing, the impression has 
persisted that the narrow path between sense and nonsense 
on this subject is a difficult one to tread and that 
altogeth r the less said of it the better.” 


There is an olel Zen koan * 


What ts the sound 
of me hand clapping? 


What is The Sorm 
of one mark 
mark nq? 


A koan isa puzzle that is Supposed —to 
hele you realize who you are. 


And the Contempo f saa philosepher 
Paul Williaus 


We are learning not to draw lines. 

No tines between black and white. 

No lines between young and old. 

No lines between our side and your side. 
No lines between me and you. 


Not to draw lines Is not to discriminate. 
The ability to discriminate is the key to perception. 
Are we taking leave of our senses? 


Maybe. 


er 


Maybe we're learning to draw lines with disappearing Ink. 
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Psol Witlhaws, Das Euerg: F New York, Elelctra, 
1973 
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1. 


NOTES 


" Joe Rosenshein may have invented this notation 
to keep track of the unmarked state. He's not sure. 
He's looked in his notes an racked his memory and 
can't find any other references to it. 


Other people use other signs for the marked and 
unmarked states. One useful one for the mark, 
when you are using a typewriter, is parentheses. 
() indicates the mark (() Q (Q)) is & 
expression. 


David Greenberg, Charles A. White, and Gary C. Berkowitz 
in a recent paper (unpublished) called "Toward an 
Indicational Organism" refer to the unmarked state 

as "void," an “undifferentiated or seamless realm, 


which is not formful experience." 


Some folks are disturbed by this and call it 
and “empty space" or a "blank." (Kahout and Pinkava, 1980) 


For a full discussion, the reader is referred to 
P.L. Heath's article on "Nothing" in the Encyclopedia 
of Philosophy wherein we read (among other things)" 
"Ever since Parmenides laid it down that it is impossible 
to sp ak of what is not, broke his own rule in the 
act of stating it, and deduced him elf into a world where 
all that ever happened was nothing, the impression has 
persisted that the narrow path between sense and nonsense 
on this subject is a difficult one to tread and that 
altogeth r the less said of it the better.” 


